Strong fields generated by big electric currents are examined within the framework of the Yang-Mills nonlinear generalization of the Maxwell electrodynamics proposed in our earlier papers. First we consider the case of stationary currents and find a new exact solution to the Yang-Mills equations. Then we study a Yang-Mills field inside a thin circular cylinder with nonstationary plasma and find expressions for field strengths in it. Obtained results are applied to interpret several puzzling natural phenomena.
Introduction
As is well known, the Yang-Mills field theory proposed in 1954 is one of the greatest achievements of the XX century, which plays a leading role in modern quantum physics [1] [2] [3] . At the same time, the whole area of its applications can concern not only quantum physics but also classical physics [4] [5] [6] [7] . To explain this point of view, let us examine powerful fields generated by sources with very big electric charges and currents. Then the following question should be raised. Are the classical Maxwell equations always applicable to such fields?
It is beyond doubt that the Maxwell equations adequately describe a great diversity of electromagnetic fields for which photons are their carriers. At the same time, powerful sources with very big charges and currents may generate not only photons but also 0 Z and W  bosons. In such cases, the Maxwell equations may be incorrect since they are applicable to fields for which only photons are the carriers. On the other hand, there are the well-known Yang-Mills equations with SU (2) symmetry which are a nonlinear generalization of the linear Maxwell equations playing a leading role in various models of electroweak interactions caused by photons and 0 and Z W  bosons. For this reason, in [4] [5] [6] [7] the classical Yang-Mills equations with SU (2) symmetry are applied in the case of powerful field sources with very big electric charges and currents when 0 Z W and  bosons may be generated, along with photons. These equations can be represented in the form [1] [2] [3] , , It is worth noting that Equations (1-2) have the following well-known consequences [1] [2] [3] :
, , ,
Further we will consider the field sources
where j  is a classical 4-vector of current densities.
Then when the potentials
with k 1  and from (5) we obtain the differential charge conservation equation
That is why Equations (1-2) with field sources of Formula (5) can be regarded as a reasonable nonlinear generalization of the classical Maxwell equations. This nonlinear generalization was studied in [4] [5] [6] [7] , where new classes of spherically symmetric and wave solutions to the considered Yang-Mills equations were obtained. These solutions were applied to interpret puzzling properties of atmospheric electricity, the phenomenon of ball lightning, and some other natural phenomena unexplained within the framework of the linear Maxwell theory [4] [5] [6] [7] .
It should be noted that from (1)- (6) we come to the identity , ,
This identity shows that there is a differential relation for the Yang-Mills Equation (1) with the classical sources of Formula (5) .
Consider now the classical Yang-Mills Equations (1-2) with cylindrical sources k, j  of the following form:
where
Then let us seek the potentials
( , , ), 
), ( , , ), ( , , ),
where the functions , , and
After substituting expressions (8-11) for
and F  into the Yang-Mills Equation (1), we obtain (8), from the three Equations (4) we obtain
From (8) 
. That is why we can choose the following gauge by some rotation about the first axis in the gauge space:
Then using (18), we obtain
In the second section we study Yang-Mills fields generated by stationary currents flowing in the direction of the axis z and find a particular exact solution to the Yang-Mills Equations (12-16). In the third section we examine these equations in the case of no stationary plasma flowing through a thin circular cylinder and study the Yang-Mills field inside the cylinder. In the fourth section we discuss obtained results and their applications to some puzzling phenomena appearing in lightning and exploding wires.
A Particular Exact Solution to the Yang-Mills Equations in the Case of a Cylindrical Source with Stationary Current
Let us turn to the considered Yang-Mills Equations (12-16) in the following stationary case:
where ( ) j  is some function of  .
Let us seek the functions , , and 
Therefore, we have got three equations for the six functions ( ) and ( )
Taking into account (16), from Equation (24) we find
Substituting (27) into Equation (25), we readily obtain
Since in the case (8) under consideration the axes with 2, 3 k  in the gauge space are equivalent, let us choose the relativistic-invariant gauge condition 2, 2 3, 3
Then we can take the following form for the components  . To interpret this, let us turn to identity (7) . It shows that the considered Yang-Mills Equation (1) 
where , , ,
Taking into account (33) and the evident identity 
In these equations the values , k J  can be interpreted as components of full current densities. As is seen from (34), they are the sum of the source components 
The expressions on the left and right of this equation are proportional to the interaction energy of the full currents and source currents, respectively, in a small part of a field source. That is why Equation (36) implies the conservation of this energy when charged field quanta are created inside the source [5, 6] .
Using (33), we can represent Eq. (36) in the form
Substituting expressions (8) and (11) into Equation (37), we find 2 2 2 3
Using (21) and (23), from Equation (38) we obtain 
Taking into account Formulas (31), Equation (39) can be represented as 2 2 22
From Equations (32) and (40) we obtain
Equations (32) and (41) give
Dividing this equation by  and then integrating it, we find
Equation (43) 
In order to have the function ( )   nonsingular, let us choose the sign '+' in Equation (41) and hence in Equation (44). Then from Equation (44) we find
Since we have chosen the sign '+' in Equation. (41), from it and Formula (45) we obtain
From (45) and (46) we have the following nonsingular solution: 
where ( ) I I   is the source current in the cylindrical region of radius  .
From Equations (11) Formula (50) describe a nonlinear effect of field saturation. Namely, let the absolute value of the actual current I be increasing from zero. Then when it reaches the value D  , the strengths components 1, 13 F and 1, 23 F become equal to zero and after that they change theirs signs. This property could be applied to give a new interpretation for the unusual phenomenon of bipolar lightning that actually changes its polarity (positive becoming negative or vice versa) [8] .
It is also interesting to note that puzzling data for lightning were recently obtained by the Fermi Gammaray Space Telescope which could be explained by Formula (50). Namely, some of lightning storms had the surprising sign of positrons, and the conclusion was made that the normal orientation for an electromagnetic field associated with a lightning storm somehow reversed [9] .
To explain these data, let us note that as follows from (50), the sign of the effective current eff I can differ from the sign of the actual current I when the latter is sufficiently large.
Yang-Mills Fields Inside Thin Circular Cylinders With Nonstationary Plasma
Consider now a nonstationary thin cylindrical source of Formula (8) and let us assume that the matter inside it is in the plasma state. Besides, let the functions 0 and j j in (8) have the following form inside the thin source:
where 0
where q is defined by Formula (58). Using Formulas (11), (58) , where n is an integer, the strength component 1, 03 F is zero and when n is an even integer,
Let us apply obtained results to the puzzling phenomenon of current pause which takes place in exploding wires [10] . The phenomenon proceeds in three stages. At the instant of closure of the circuit, sufficiently large current flows through the wire and causes its explosion. Then in some time the current flow ceases and the period of current pause begins. After a certain period of time the current pause can end and the current flow can continue.
The origin of the current pause is not well understood within the framework of the Maxwell electrodynamics [10, 11] . That is why let us apply its nonlinear generalization based on the Yang-Mills equations which we have studied. For this purpose, let us turn to Formula (83) and apply them to an exploding wire. As follows from Formula (83), after some period of time the strength component 1, 03 F becomes zero. At this moment the current in the wire should cease. Therefore, Formula (83) allow one to interpret the origin of current pause in exploding wires. The pause could end and the current flow could continue after some redistribution of charges in exploding wires.
Conclusions
We have studied classical Yang-Mills fields with SU(2) symmetry generated by charged circular cylinders with currents. Our objective was to find solutions to the nonlinear Yang-Mills equations that could generalize the corresponding solutions to the linear Maxwell equations for sufficiently powerful sources.
We considered two cases. In the first of them we studied a Yang-Mills field generated by a stationary current flowing through a circular cylinder. In this case we found a particular exact solution to the Yang-Mills equations. In the obtained solution the strength components 1 Using this result, we gave a new interpretation for the phenomenon of bipolar lightning and explained the puzzling inversion of the normal orientation for electromagnetic fields associated with some lightning storms which was recently detected by the Fermi Gamma-ray Space Telescope.
In the second case we considered a Yang-Mills field inside a thin circular cylinder with nonstationary plasma. We sought field potentials in Formula (52) and came to the partial differential Equations (54-56). Solving these equations, we found expressions for the field strengths inside the cylindrical source under consideration. It was shown that the strengths could depend on all charge passing through unit area of a cross section of the cylindrical source from beginning of the current flow. The obtained Formula (83) shows that the field strengths inside the cylindrical source can become zero after some period of time. This property of the found solution was above used to explain the puzzling phenomenon of current pause in exploding wires.
